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(54) UNMANNED CONVEYING CONTROL SYSTEM ' 

F$ ^BUSHIKI KAISHA KOMATSU SEISAKUSHO, a company incorpo- 

rated under the laws of Japan, of 3-6, Akasaka 2-chome, Minato-ku, Tokyo-to Japan do 
: ; hereby declare. the invention, for which we pray that a patent may be granted to us, and the 
method by. which it is to be performed, to be particularly described in any bv the following 
5 statement:- 5 
This invention relates to an unmanned conveying control system useful in a work area 
such as a warehouse or a. factory. 

Unmanned conveying systems using a conveyer belt or a stacker crane have been known * 
for conveying a desired load between a work area such as a warehouse or a factory and a 
10 predetermined position (e.g. a gateway of a .warehouse or a certain position on a 10 
manufacture line of a factory). The prior art system using the conveyer conveys a load on a 
fixed conveyer line and loads or unloads the load at a predetermined position by means of a 
loading and . unloading machine. In the prior art system using a stacker crane racks are 
provided in a. storage location in a warehouse or a factory and loading and'unioadina 
15 operations are performed by a stacker crane which is displaceable along the racks These 15 
prior art systems, however, are large scale systems in which change of the conveyer line 
cannot be readily made once it has been established. Besides, the conveyor lines of these' 
o" goods SyStemS ° CCUpy 3 large SpaCe S0 that Spac ^ cannot bc utilized efficiently for storage 
20 t There has also been used an absolute position control system in which ground equipment 20 
is provided for enabling a loading and unloading vehicle to detect the position of a rack or a 
loading table so as to inform the vehicle of a loading and unloading place.' This system has' 
the disadvantage that extensive ground equipment and a large amount of installation work 
are required if there are many loading and unloading positions, resulting in increase in the 
25 cost.. 

Further, in the prior art systems, a position instruction device is provided for determining 
a loading and unloading position and a control signal is applied to this device from outside 
tor guiding the vehicle to a predetermined lane and shelf of rack, and this reauires 
extremely complicated apparatus. • 

30 According to the invention, there is provided an unmanned conveying control system 30 
comprising: leader cables provided in a.work area; an unmanned travelling vehicle runninc 
along said leader cables for conveying a load, said vehicle being guided by a guide signal 
flowing through said leader cables: a memory for storing the number of loads in the work 1 
area; means for rewriting the contents of said memory in accordance with actions of said 

35 vehicle; leader cable selection means for selecting suitable ones from among said leader 35 
cables for forming a load conveying way between a predetermined base position and a 
desired position in the work area; a central control unit for controlling said leader cable 
; selection means and giving load conveying instructions to said vehicle in accordance with 
the contents of said memory: and loading and unloading control means mounted on said 

40 .vehicle for detecting the position of the load in front- of said vehicle and performino a 40 
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loading and unloading operation in. accordance with the result of the detection. 

Embodiments of the invention will now be described, by way of example, with reference : 
to the accompanying drawings, in which:- 

■ Figure 1 is a block diagram showing an embodiment of the unmanned conveying control 
5 system according to the invention; , . 5 

Figures 2(a|.and 2(b) are side and bottom views of an example of an unmanned travelling 
vehicle employed in the system according to the invention; 

Figure 3 is a block diagram showing an example of load storage and delivery control . 
operations by the unmanned vehicle; 
10 Figure 4 is a block diagram showing a height control device 45 shown in Figure. 3 in detail; 10 

Figures 5(a), 5(b) and 5(c) are side views for explaining the load storage operation 
according to the control operation shown in Figure 3; 

Figures 6(a) and 6(b) are side views for explaining the load delivery operation according 
to the control operation shown in Figure 3; 
15 Figure 7 is a view showing positions of sensors mounted on the vehicle and reference 15 . 
voltage levels set in accordance with heights of the load; 

Figure 8 is a block diagram showing speed control for fork lifting and lowering and 
control for forward and reverse movements of the vehicle; 

Figure 9 is a block diagram showing a delivery control circuit OX in detail; 
20 Figure 10 is a block, diagram showing a storage control circuit IX in detail; 20 

" Figure 11 is a diagram showing modes of control by the delivery control circuit shown in 
Figure 9; * 

Figure 12 is a diagram showing modes of control by the storage control circuit shown in 
Figure 10; 

25 Figures 13 to 15 are block diagrams showing examples of control for stopping the fork 25 
lifting or lowering operation at a fork insertion position by detecting a pallet opening by 
means of a sensor 70; ... 
Figure 1 6 is a diagram showing an example of layout Of leader cables; 
Figure 17 is a diagram showing another example of layout of leader cables; and 
30 Figure 18 is a side view of an example of a table used as a storage and delivery table. 30 
In the embodiment to be described hereinbelow, a conventional fork lift truck mounted 
with control and detection devices necessary for unmanned travelling and unmanned 
loading and unloading operations is employed as the unmanned travelling vehicle. Such a 
vehicle is convenient because it can be operated both' manually and without an operator and 
. 35 also is advantageous because it can be realized simply by mounting a relatively simple 35 
control device on a conventional fork lift truck. 

In the present embodiment, space in which the unmanned travelling vehicle can work is 
within a warehouse and a predetermined base position which constitutes a point of 
connection with an outside system is located at a gateway of the warehouse. 
.40 Referring first to Figure 1, an outline of the preferred embodiment of the unmanned 40 
conveying control system according to the invention will be described. 

A storage and delivery table 1 which consists, e.g., of a roller conveyer and constitutes a 
predetermined base position is provided at a gateway of a warehouse in which a load to be 
stored or delivery out is loaded on or unloaded from an unmanned fork lift truck 2. 
45 - a main leader cable 3 along which the unmanned fork lift truck 2 is guided extends in the 45 
middle of a central runway from the storage and delivery table 1. A low frequency current 
with a frequency f, generated by an oscillator 4 flows through the leader cable 3. 

Lane leader cables C, through C n are branched from the main leader cable 3 at branch 
points b | through b n and portions of the lane leader cables C x through C n form lanes € x , 
50 through t n for storing the load. 50 
A lane switching circuit 5 is provided for the lanes t x through e n . The lane switching 
circuit 5 includes switches S, through S n corresponding to the lanes £ } through i\ arid the 
low frequency induced current of a frequency f 2 is caused to flow from an oscillator 6 
through one of the lane leaders cables C ( through C n by closing one of the switches S, 
55 through* S n thereby form a. guideway for the fork lift truck in the particular tane, 55 
Leaders cables 8 and 9 through which a low frequency induced current of a frequency f 3 
flows are provided in such a manner that they cross the lanes / , through ^ n . perpendicularly 
at either end thereof. The leader cables 8 and 9 function to show starting and finishing ends 
of the respective lanes ( throuch ( n . The unmanned fork lift truck 2 detects the starting 
60 and finishing ends of the lanes ?, through ( n by detection of induced electromotive force 60 
frOrn the leader cables 8 and 9: ... 

The kind of load to be stored which' is placcd'at the table 1 is detected by a stored load 
kind detector 10. 

The stored load kind detector 10 can be constituted, e.g., of a known device according to 
65 which a coded kind of load is printed on the load and such kind of load is read in an optical 65 
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A delivery card reader 11 is provided for reading kind of load to be delivered out of the 
warehouse from a delivery card (not shown). The delivery card reader 11 may be 
constituted, e.g., of a known device according to which a coded kind of load is punched in- 
5 the delivery card and such coded kind of load is read in an optical or mechanical manner. 5 
A signal IS representing the kind of load to be. stored which has been, detected by the 
stored load kind detector 10 or a signal OS representing the kind of load to be delivered out 
which has been read by the delivery card reader 11 is applied to a central control unit 12. - 
In the central control unit 12, the signal IS or OS is applied to a stock memory device 13. 
10* The stock memory device 13 . comprises a memory circuit which stores necessary data, ; 10 
including kind of the stock stored in the warehouse, the number of the lane storing the load, 
amount of the stock and the data of storage. The number of a lane in which the load should . 
be stored or from which the load should be delivered is read from the stock memory device 
13 and,- in response thereto, the central control unit 12 supplies a lane designation signal LS 
15 ' corresponding to the lane whose number is read out to the lane switching circuit 5 to close 15. 
the switch S corresponding to the lane and form a guide way to the lane.. If, for example, the 
third lane 1 3 is designated by the lane designation signal LS, a switch S 3 only is closed to 
cause the induced current to flow from the oscillator 6 through the leader cable Q, whereby 
a guide way leading from the branch point b 3 to .the lane I3, consisting of the leader cable G> 
20 is formed. ■ " ■ - . . . * 20. 

;The central control unit 12 supplies instructions for starting storage and delivery of the 
load, side-tracking and emergency stop etc, to the. unmanned fork lift truck 2. This \s • 
effected by. superposing frequency signals representing these instructions on the leader 
cables 3 and Q through C n . 
25 ' Operations for storing and delivering the load will now be described. . . 25 

When -the load to be stored has arrived at the table. 1 , the kind of the load is detected by 
the stored load kind detector 10 and the lane in which the load should be stored is 
determined by confirming the amount of the stock and the state of storage of the load bythe 
stock memory device 13; A signal representative of the number corresponding to this lane is 
30 fed to the lane switching circuit 5 for selecting the lane and, simultaneously, a storage start 30 
signal is applied to the fork lift truck 2. In response to this storage start signal, the fork lift , 
truck 2 first performs loading of the load from the table 1 and thereafter travels backwardly 
along the main leader cable 3 in accordance with the guide signal of frequency f When the 
fork lift truck 2 detects the guide signal of frequency U on any one of the lane leader cables 
35 Q through C n at one of the branch points b f through b n , the fork lift truck 2 is guided by this. 35 
guide signal of frequency f 2 to run forwardly into the lane designated by the lane, switching 
circuit 5 . The fork lift truck 2 unloads the load on the designated lane in accordance with a 
predetermined sequence to be described later and thereafter returns to the table 1 through 
the branch point and the main leader cable, thereby completing one cycle of the load 
40 ' storage operation. The contents of the stock memory device 13 are rewritten in accordance 40 
with the kind of the stored load and the. lane in which the load is stored. 

Delivering out of the load from the warehouse is effected, in the following manner. 
When a delivery card on which the kind of the load to be delivered out of the warehouse 
has reached the delivery card reader 1 1 , the kind of the load to be delivered out is read from 
45 this delivery card. The central control unit 12 searches for the stock of the required load and 45 
the lane in which the load is stored, determines a lane from which the required load should, 
be delivered, and supplies a signal representing the number of this lane to the lane switching 
circuit 5 for closing the switch for the lane and simultaneously gives a delivery start 
instruction to the fork lift truck 2. 
50 The fork lift truck 2 thereupon travels backwardly from the table 1 along the main leader 50 
cable 3 in accordance with the signal of frequency f , and runs into the lane designated by the 
lane switching circuit 5 from one of the branch points bi through b„, guided by the signal of 
frequency f 2 of the lane leader cable. In the designated lane, the fork lift truck 2 performs 
loading of the load in accordance with a predetermined sequence to be described later and 
55 then returns to the table 1 through the lane leader cable, the branch point and the main 55 
leader cable and unloads the load, whereby one cycle of the load delivery operation is 
completed. The contents of the stock memory device 13 are rewritten in accordance with 
the kind of the delivered out load and the lane in which the load was delivered out. 
In the above described manner, the fork lift truck 2 conducts a sequence of operations in 
60 response to instructions given by the central control unit 12. For the operations of the fork 60 
lift truck 2 including running, loading and unloading sequences, the fork lift truck 2 is 
, provided with sensors, to be described hereinafter, and the various operations arc 
performed in accordance with outputs of these sensors. 

Figures 2(a) and 2(b): show an example, of the positions of the sensors provided on the fork 
65 lift truck 2 employed m the present embodiment. Six running pick-up coils 21a. 21b, 21c. 65 
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21d, 21c and 21f are provided at the bottom of the fork lift truck 2 (Figure 2(b)). The .. 
pick-up coils 21a and 21b, 21c arid 21d, and 21e and 21f, which form respective pairs, are 
disposed symmetrically on either side of a central axis 22 of the fork lift truck 2 in such a 
manner that the axes of these coils intersect at right angles with the central axis 22. The 
5 ' pick-up coils 21c and 21d are provided in the vicinity of rear fixed wheels (rear wheels in the 5 . 
case of the fork lift truck). These pick-up coils 21a through 21f detect voltage induced by the. 
leader cables (e.g. the main leader cable 3) through which the low frequency current flows. . 
Deviation of the central axis 22 of the truck from the leader cable and the angle which the 
central axis 22 makes with the leader cable are detected from the induced voltage detected . 
10 by the sensors 21a through 21f and the steering angle of the fork lift truck 2 is controlled in. 10 
response to results of the detection for running the fork lift truck 2 along the leader cables. . 
Among these six pick-up coils, the four pick-up coils 21a, 21b, 21c and21d are used for a 
forward running whereas the four pick-up coils 21c, 21d, 21e and 21f are used for backward 
running. 

15 A station detection pick-up coil 23 is disposed in a position in which the. axis of the coil 15 
extends parallel with the central axis 22 of the truck 2. Accordingly, the axis of the coil 23 . 
intersects at right angles the station leader cables 8 and 9. indicating the starting and 
finishing ends of the lanes, and detects the starting and finishing ends of the lanes by voltage 
induced from these station leader cables 8 and 9. 
20 An upwardly extending post 25 is fixed to the upper portion of an outer mast 24a of a 20 
mast 24 mounted on the fork lift truck 2. A load presence sensor 26 used for detecting a 
load of a second layer is provided on the outer mast 24a and a load presence sensor 27 used 
for detecting a load on a third layer is provided on the post 25. These load sensors 26 and 27 
are useful for detecting existence of the load on the second layer 28 and the third layer 29 if 



A fork height detector 30 is provided at a suitable place on the outer mast 24a. The sensor 
30 detects height of a fork 31 and outputs a signal corresponding to the detected height of 
the fork 31. This detector 30 is constituted, for example, by a rotary type potentiometer. 
The height of the fork 31 is detected by detecting displacement of inner mast 24b relative to 
30 the outer mast 24a during lifting or lowering of the fork 31 by means of a rack (not shown) . 30 
mounted on the inner mast 24b and an associated pinion (not shown) nounted on the shaft 
of. the potentiometer. ' - 

A sensor 32 is provided on the lower surface of a foremost end portion 31a of a claw 31b 
of the fork 31. This sensor 32 which consists, e.g. of a supersonic wave sensor detects a load . 
35 or ah obstacle in front of the fork lift truck 2 and outputs a signal corresponding to the 35 
distance between the fork lift truck 2 and such load of the first layer or obstacle. 

A fork load presence sensor 33 is provided at a suitable place on the fork 31, e.g. a root 
portion of the claw 31a for detecting existence of the load on the fork 31. 

A running distance detector 35 is provided on a wheel 34 of the fork lift truck 2. The 
40 detector 35 detects teeth 36a- for a gear 36 fixedly mounted on the wheel 34 and generates 40 
pulses of a number proportional to the running distance of the fork lift truck 2/ 
. The sequence control of the unmanned vehicle conducted in response to the outputs of 
the above described sensors will now be described. 
The unmanned fork lift truck 2 receives the storage start instruction or the delivery start 
45 : instruction from the central control unit 12 and thereupon travels backwardly from the 45 
gateway station 1 along the main leader cable 3 in accordance with the guide signal of 
frequency f| while its steering is controlled by the induced voltages of the pick-up coils 2k, 
21d, 21e arid" 21f. ■ - , ■ 

When the fork lift truck 2 has reached a branch point of the main leader cable 3 and one 
50 of the lane leader cables C, through C n which is connected by operation of lane switching . 50 
circuit 5 to an exciting power source 6 of frequency f 2 . the pick-up coils 21c through 21f 
detect the signal of frequency f^ besides the signal of the frequency f,. The branch point is 
identified by detecting a predetermined level of the signal of .frequency f 2 and, upon . 
detection of this branch point, a detection signal is supplied to a travel control device of the 
55 fork lift truck 2 to change the mode of running to forward running. Simultaneously 55 
therewith, in the pick-up coils 2lc, 2ld, 21e and 2lf, the detected frequency is changed from 
the frequency f , to the frequency f 2 , so that the fork lift truck 2 is caused to travel along the 
selected lane leader cable in accordance with the guide signal of. the. frequency:. U. . 
Since it takes some time for the fork lift truck 2 to reach a condition in which it can enter 
60 the lane leader cable in the forward running mode after detection of. the branch point, a 60 
delay circuit or a circuit for detecting a running distance after detection of the branch point 
should preferably be provided so that switching of the running mode of the fork lift truck 2 
to forward running after detection of the branch point may be delayed. 
The fork lift truck 2 which has travelled along the lane leader cable then performs an 
65" unloading or loading operation in the lane in accordance with the storage or delivery 65 
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instruction which has previously been given to the truck 2. 

Figure 3 shows controls in the loading and unloading. operations of the- fork lift truck 2. . 

First, control of unloading of the load from the fork 31 will be fexplained. Since, the.: 
storage instruction has been issued, a signal "1" is applied to a terminal T,. The fork load 
detector 33 outputs a signal "1" because the load is placed on the fork 31. If the sensor 32 
provided at the foremost end portion 31a of the fork 31 has detected a load already stored 
ahead of the fork lift truck 2, the sensor 32 applies a voltage signal corresponding to the 
distance between this load and the foremost end portion 31a to a comparator 40. The 
comparator 40, to which a set voltage Vj corresponding to a predetermined distance L t (a 
distance which can be accurately detected by means of a supersonic wave without influence 
of dispersion, e.g. lm) is also applied, compares the voltage detected by the sensor 32 with 
the set voltage V ( and, when the detection voltage of the senior. 32 has exceeded the set 
voltage V,, applies a signal "1" to an AND gate 41. This enables the AND gate 41 to apply 
a pulse signal proportional to the running distance from the running distance, detector 35 to 
a counter 42. The pulses of this signal are counted by the counter 42 and thereafter 
converted to an analog signal by' a digital-to-analog converter 43. The output of the ' 
digital-to-analog converter 43 which is a signal proportional to a running distance of the 
fork lift truck 2 from a point A (Figure 2(a)) at which the distance between the load and the 
foremost end of the claw of the fork 31 is L, is applied to a comparator 44. The comparator 
44 also receives a voltage V 2 ' corresponding to a- predetermined, distance L 2 .. When the 
output of the digital-to-arialog converter 43 has reached V 2 , that is, when "the distance 
rjetwefen. the load and the foremost, end of the claw has reached L, : L 2 = LS ' the 
comparator 44 outputs a ""signal'**!" which is applied, to a running control device 51 for 
stopping the running of the fork lift truck 2 (see Figure 5(a)). The signals representing 
existence or non-exista'ricc of the load on the first, second and third layers from the sensors 
32, .26 .and 27 are applied to a fork height control unit 45. The fork height control unit 45 * 
determines a layer from which the load Should be unloaded in response to the signals from 
the. sensorg 32, 26, and 27. Figure 4 is an example of the circuit for determining the layer 
from which the load should be unloaded. The outputs of the sensors 27, 26 and 32 are 
respectively applied to comparison circuits 27a, 26a and 32a which compare them with 
voltages, of predetermined levels. The comparison circuits 27a, 26a and 32a produce signal 
"1" or."0" which shows whether a load exists in. the respective layers. These signals are. 
applied .to a decoder 100. ' * 

; .On the other hand, a storage designation signal ID is applied to a terminal T A , a delivery 
designation signal OD to a terminal T B and a signal representing the finishing end of the 
lane to a terminal T c . The operation of this circuit is summarized inthe following Table : i. 
In this table, "0" signifies absence of a load and "1" presence of a load. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



66 



TABLE' 1 



First 
layer * 


Second 
layer 


Third 
layer 


Layer available 
for storage 


layer from which 
• load should be/ 
delivered out 


... 0 


0 


0 


first .layer (finishing 
end of the lane) 


empty 


1 


0 
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second layer . 


first layer 


P' 
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■0 


" emergency stop " * 
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third layer 


second layer . .. 


0 


0 
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emergency, stop 


i 
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emergency stop - : 
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1 ' 


1^ ' 


emergency stop . . . 


.1 


'■ 1 
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first layer (or full) 


third layer 



40 
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. For achieving the operations -shown in the table- an output "0" of a decoder 100 and a 
lane finishing end signal LE from the oscillator 7 are applied through an AND gate A, to a 
65 storage layer gate G|. Outputs for values 1. 3 and 7 of the decoder 100 are applied to a 
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delivery layer selection gate G| and a delivery layer selection gate G 2 . Outputs for values 2,. 
4, 5 and 6 of the decoder 100 causes an emergency stop signal ES to be produced at the 
terminal T, via an OR gate OR. The storage designation signal ID is "l" when designating 
the storage operation, whereas it is "0" designating the delivery operation. The content of 
5 the delivery designation signal OD is the inverse of the signal ID. The storage layer 5 
selection gate G, js enabled when the signal ID is "1" to produce output signals FL, SI and . 
TI designating storage of load in the first through third layers in response to the output 
(either one. of 0, 1, 3, 7) of the decoder 100. 

Since the delivery designation signal OD is applied to the delivery layer selection gate G 2 , 
10 the gate circuit G 2 is enabled when the signal OD is "r\ producing output signals FO, SO, 10 
TO designating delivery of the . load of the first through third layer's in response to the 
output (either one of 1, 3, 7) of the decoder 100. The output of the AND gate A, and. the 
signal OD are applied to an AND gate A 2 which produces an empty signal EX representing 
that the layer is empty when both imputs of the NAND gate A 2 are "1" . An AND gate A 3 • • , 
15 receives the output for value 7 of the decoder 100, the storage designation signal ID and the 15 
lane starting end signal LO from the oscillator 7 and, when all inputs of the AND gate A.* 
are "1", produces a full signal FF. The full signal FF is produced at a terminal Tt> when the 
fact that all of the layers are fully loaded at the starting end of the lane has been detected. In 
a case where the output for value 7 of the decoder 100 is produced at a position which is 
2'0 ahead of the starting end of the lane, this signifies that there is space available for storage in . 20 
the front portion of the layer so that the load is stored in the first, layer. . 

Upon determination of a layer available for storage of the load in accordance with the 
outputs of the sensors 32, 26 and 27, an actuator .46 is operated by the signal from the . 
. comparator 44 to lift or lower .the fork 31 to a height corresponding to the height of the layer 
. 25 available for storage which height has been determined on the basis of a value detected by 25 
the fork height detector 30. When, as shown in Figure 5, the load is. stored in the second, 
layer, the second layer storage signal SI is produced by the gate circuit G,. A difference 
between this signal SI and the output of the fork height detector 30 is obtained and this 
difference is converted to an analog value by a digital-to-analog converter D AC and . 
30 thereafter is applied to the actuator 46 through a servo amplifier SA to operate, the actuator 30 
46 for lifting the fork. When the fork has reached a height corresponding t6 the second 
layer, the actuator 46 becomes inoperative and lifting of the fork is stopped. The height of 
the fork 31 at this time is determined at such a value that will reach the height df the pallet 
of the layer. When the lifting of the fork 31 has been completed, a forward movement start 
35- instruction is provided by a wind comparator WC on a line 47. This wind comparator WC - 35 
produces an output when the above described difference comes within an output voltage of 
an error setter ES. 

At this time, an output of a comparator 48 which compares the output of the 
digital-to-analog converter 43 with a set voltage Vj, corresponding to a distance L 3 is lk 0'\.. 
40 Since an AND gate 49 receives the forward movement start instruction which is "1" and a 40 
signal "T" which is obtained by inverting the output of the comparator 48, the AND gate 49 
is enabled to apply a signal " 1" to a running control device 51 for forward movement of the 
. fork lift truck 2. . * ' , 

As the output of the digital-to-analog converter 43 increases its value by the forward 
45 . movement of the fork lift truck 2 and has reached the set voltage V., of the comparator 4K. 45 
' the output of the comparator 48 is turned to "1". This causes the output of the AND gate 49 
• to be turned to "0" and the output of an AND gate 52 to 'T'. The output tk T* of the AND 
' gate 52 is applied to the running control device to stop the truck 2 (See Figure 5(c)). 
' - Upon turning of the output of. the AND gate 52 to "1", an AND gate 54 to- which the 
50 , storage instruction and the output of the fork load presence sensor 33 are applied through 50 

■ an AND gate 53 is enabled to apply a signal l, l" to an analog switch ASi as a fork lowering 
r instruction. The arialoe switch AS, is therefore closed. Accordingly, a lowering amount 

signal VSL from a lowering amount setter LVS is applied to the servo amplifier SA which 
controls the actuator 46 for*lowering of the fork 31 by a distance corresponding to the signal 
55 VSL; 55 
As the output of the fork load presence sensor 33. is turned to "0" due to the lowering of 
the fork 31, the AND eates 53 and 54 are disenabled so that the fork lowering instruction is • 
\ turned to "0". Simultaneously, an AND gate to which the storage instruction from the 

■ terminal T A and a signal obtained by inverting the output of the fork load presence sensor 

' 60 33 are applied is enabled to applv a signal "1" to the running control device 51 through an 60 
OR gate 57 whereby the fork lift 'truck 2 moves backwardly and the unloading operation of 
the fork lift truck 2 is completed. " . 

Next, control of delivery of the load will be . explained. t 
During the delivery of the load, a delivery signal is applied to the terminal T B and the 
65 output of the load detector 33 is "0" for 'there is no load on the fork 31. 65 
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Upon detection of existence of the first layer load by means of the sensor 32, the fork lift 
truck 2 running in the lane, stops at a point at which the distance between the foremost end 
of the claw of the fork 31 and the load is L, - L 2 = LS (See Figure 6(a)). After 
determination of the layer from which the load should be delivered on the basis of the . 
5 outputs of the sensors 37, 26 and 27, the actuator 46 is controlled by a signal from. the 5 
delivery layer selection, gate circuit G 2 . of the fork height control device 45 in the same 
manner as has been described above so that the fork 31 is lifted to a height at which the claw 
31a of the fork 31 can enter the pallet of the layer from which the load should be delivered , 
out (Figure 6(a) shows second layer delivery). Then, a forward movement instruction is 

10 provided on the line 47 to move the . fork lift truck forwardly in the same manner as V 10 
described above and the fork lift truck 2 stops at a position at which the claw 31 has 
sufficiently entered the pallet of the layer (Figure 6(b)). 

At this time,. the AND gate 52 is enabled and thereupon an AND gate 59 to which the , 
delivery instruction OD from the terminal T B and a signal obtained by inverting the output 

15* of the fork load sensor 33 are applied through an AND gate 58 is enabled to provide a fork 15 . 
lifting instruction to an analog switch. AS 2 to close it. Accordingly, a lifting amount set 
instruction VSU is applied from a lifting amount setter UVS to the servo amplifier SA to . 
actuate actuator 46 for lifting the fork 31 by a distance corresponding to the signal VSU. 
When the output of the fork load presence sensor 33 is turned to.'T' by lifting of the fork 

20 _ 31, the AND gates 58 and 59 are disenabled so that lifting of the fork 31 is stopped. 20 
Simultaneously, an AND gate 60 to which the delivery instruction from the terminal T B and ' 
the output of the fork load sensor 33 are applied is enabled to apply a signal "1" to the 
running control device through the OR gate 57 as a reverse movement instruction. Thus, 
the fork lift truck 2 moves backwardly. and the load delivery work is completed. 

25 After. the sequence control of the load storage or delivery operation, the fork lift truck 2 25 
runs in a reverse direction along the lane leader cable in response to the signal of the ' 
frequency f 2 and, upon detection. of the signal of the frequency fi supplied from the main 
leader. cable 3 at the branch point, runs forwardly along the main leader cable 3, guided by 
the signal of the frequency f, of the main leader cable 3, until it reaches the table 1. 

30 Loading and unloading operations at the table 1 can be similarly realized by utilizing the 30 . 
control operations described hereinabove with respect to the loading and unloading in the 
respective layers. 

In the above described embodiment, the storage and delivery table 1 constitutes a sole 
predetermined base position of conveying the load and a single main leader cable 3 is used. ; 
35 It should be noted, however, that a plurality of predetermined base positions may be 35 
provided and a plurality of main leader cables may be used. 

The foregoing is an example in which lifting and lowering of the fork is conducted at a . 
constant speed. 

Figures 7 through 10 show an embodiment in which fork lifting and lowering speeds are 
40 variably controlled in loading and unloading operations for increasing work efficiency. 40 
According to this embodiment, the speed of the lift cylinder is varied depending upon 
difference between a present height of the fork and a target height thereof whereby a cycle 
time of the; work can be shortened without sacrificing accuracy of the work. 

In Figure 7, an opening detection sensor 70 for detecting a fork insertion opening PAG of 
45 a pallet PA is provided in parallel with the sensor 32 at the foremost end portion of the fork 45 
2 of the fork lift truck 1. 

Figure 8 is a block diagram showing control for lifting and lowering of the fork and 
.forward and reverse movements of the fork lift truck. 

The output of a pallet opening sensor 70 is applied to a pallet opening detection circuit 74 
50 for level detection and thereafter is applied to a delivery control circuit OX and a storage 50 
control circuit IX. To the delivery control circuit OX are applied a first layer delivery signal 
FO. a second layer delivery signal SO and a third layer delivery signal TO and also the 
. output of the fork load sensor 33. To the storage control circuit IX are applied a first layer 
storage signal Fl, a second layer storage SI and a third layer storage signal TI and also the 
55 . output of the fork load sensor 33. Reference voltage V L , V„, Vj, B 2 and V H corresponding . 55 
respectively to the lower limit, level 0, level 1. level 2 and upper limit levels shown in Figure 7 -. 
are applied to the delivery control circuit OX and the storage control circuit IX. These . 
reference voltages may be provided by a suitable device such as a potentiometer. . 
The control operation for delivery of a load from the storage place will now be described 
60 with reference to Figure 9 which shows the delivery control circuit OX in detail and Figure 60 
11 which shows modes of control. 

In the case of delivering (unloading) a load of the third layer, the fork lift truck which has 
advanced with the height of the. fork being maintained at the level 0 stops in front of the 
stacked load. Upon generation of the third layer delivery signal TO, this signal TO is 
65 supplied to a flip-flop FF) through an OR gate OR, to set the flip-flop FF,. A high speed' 65 
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lifting signal HE generated by a high speed lifting setter HSE is thereby supplied to the 
actuaotr 46 through an amplifier to cause the fork to be lifted at a high speed. Before the 
fork reaches the level 2, the pallet opening sensor 70 detects a pallet opening between the 
first and second layers. The high speed lifting operation, however, is not affected by this 
5 detection, i.e., the detection is masked. When the fork has reached the level 2, the output 5 
V p of the height detector 30 becomes equal to the reference voltage V 2 whereupon a 
detector COM 2 produces a detection output. This output causes a flip-flop FF 2 to be set 
thereby causing a middle speed lifting signal ME generated by a middle speed lifting setter 
MSE to be applied to the actuator 46. Accordingly, the fork is lifted at a middle speed. 
10 During the. lifting of the fork at a middle speed; a signal detecting a substantially central 10 

position of the pallet opening PAG is applied through an AND gate ANj to the flip-flop FF 2 

for resetting it after being delayed by a predetermined period of time by anoff delay circuit 
ODL. As the flip-flop FF 2 is reset, the middle speed lifting signal ME is interrupted. The signal 
. from the off delay circuit ODL is simultaneously supplied to a flip-flop FF 3 to set it, so that a low 
15' ' speed lowering signal LE generated by a low speed lowering setter LSE is supplied to the actuator 15 
46 to lower the fork at a low speed. When the sensor 70 has produced an output again during the 
low speed lowering of the fork, the flip-flop FF 3 is reset to interrupt the low speed lowering signal 
LE, thereby. stopping the actuator 46. The output of the sensor 70 is also applied to a flip-flop FF 7 
... to set it and thereby cause a forward movement signal to be applied to a running control unit 5L 
20 The fork Bft truck thereby moves forwardly . During the forward movement of the fork lift truck, a 20 
pulse corresponding to the distance travelled by the fork lift truck and detected by the running 
distance detector 36 is applied through an AND gate AN 2 to a counter Q. The output of a counter 
Ci is applied to a comparator COM 7 as one of its inputs. The comparator COM 7 compares this 
output of the counter Q with a voltage FS from a forward movement distance setter FLS and 
25 ' produces an output when the distance actually setter FLS and produces an output when, the 25 
distance actually travelled by the fork lift truck coincides with the set distance. The output of the 
comparator COM 7 is applied to a flip-flop FF 9 through an OR gate OR 2 to set the flip-flop FF y . 
The set output of the flip-flop FF q is applied to the running control unit 51 so that the fork lift truck 
stops its forward movement. . : ' , 

30 ' The output of the comparator COM 7 is also applied to a flip-flop FF^.to set it. Upon 30 
setting of the flip-flop FF S , a low speed lifting signal LUE from a low speed lifting setter 
LSUE is applied to the actuator 46.for effecting low speed lifting of the fork. When the.load 
is placed on the fork, the fork load presence sensor 33 is actuator and emits a signal I . This 
signal 1 is delayed by a predetermined period of time by a delay circuit DL and thereafter is 
35 applied to a reset terminal of the flip-flop FF<; for resetting it: This delay time is provided for 35 
ensuring that the load be completely placed on the fork. When the flip-flop FF 5 has been 
reset, the low speed lifting signal LUE is interrupted so that the low speed lifting of the fork 
is stopped. Simultaneously with resetting of the flip-flop FF 5 , flip-flops FF 7 and FF 8 are set 
so that the fork lift truck moves reversely and a pulse corresponding to the distance 
40 travelled by the fork lift truck is applied to a counter C 2 through an AND gate AN V The 40 
output of the counter C-, is compared with a voltage RS from a reverse movement distance 
setter RLS by a comparator COM 6 which, upon detection of coincidence between the t 
output of the counter C-> and the voltage RS. produces an output which is applied to a 
flip-flop FF y through an OR gate OR 2 to set the flip-flop FF y . Consequently, the fork lift 
45 truck stops its reverse movement. Since the 1 output of the comparator COM f , switches a 45 " 
contact SW 7 to an opposite side of the position shown in the figure, the output of the 
comparator COM 5 is applied to the actuator 46. The comparator COM 5 outputs a 
difference value between the reference voltage V„ and the output V p of the height detector 
30, so that the fork is quickly lifted to the level 0 at a speed. corresponding to the difference 
50 V p - V n . , . 5° 

In the case where a load in the second layer is delivered out, delivery of the load is 
similarly performed by a sequence of operations, i.e., high speed lifting, middle speed 
lifting, low speed lowering, forward movement, .low speed lifting, forward movement, 
lowering at a speed corresponding to the difference V p - V n . It should be noted, however. 
55 that the hieh speed lifting of the fork is only up to the level 1. 55 
In the case where a loacTih the first layer is to be delivered out. the fork is lowered at a 
low speed from the level 0 to the height of a pallet for the load of the first layer. After 
insertion of the fork by the forward movement of the fork lift truck, the fork is lifted to the 
. level 0 at a speed corresponding to the difference V p - V„ whereby delivery of the load is 
6Cf performed. " ' t . f . ' . ' u f , 60 

In Figure 9, comparators COM^ and COM, function to stop lifting or lowering of the fork 
at upper and lower limit positions thereof. Switches WSW,. SW 2 , SW V SW 4 . SW 5 and SW f , 
are provided for switching their corresponding flip-flops FF ft . FF 4 , FF 2 , FF-^ and FF 5 to an 
; . . opposite side of the positions shown in Figure 9 when these flip-flops are set. 
65 The operation for storine the load will now be described with reference to Figure 10 65 
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which shows the storage control circuit IX in detail and Figure 12 which shows modes of 
control. 

Assume now that the load is stacked in two layers and a new load is to be stored as the 
third layer. In this case, a third layer storage signal Tl is produced. This signal TI is supplied 
5 to a flip-flop F ( through an OR gate Yr to set the flip-flop F,. Setting of the flip-flop F, 5 
causes a high speed lifting signal HY from a high speed lifting setter HYE to be applied to . 
the actuator 46 through an amplifier whereby the fork is lifted at a high speed. When the 
fork has reached the level 2, the output V p of the height detector 30 becomes equal to a 
reference voltage V 2 and a comparator C0 2 produces a coincidence detection output. This 

10 output is applied to a flip-flop F 2 to set it thereby enabling a middle speed lifting signal MY lb 
. from a middle MYE to be applied to the actuator 46. Accordingly, the fork is lifted at a . 
middle speed. During the lifting of the fork at a middle speed, the sensor 70 detects a pallet 
openirig-but this does not affect the control operation, the sensor 70 produces a signal when 
the fork has exceeded the upper limit of the load in the second layer. This signal of the 

15 sensor 70 is applied to the off delay circuit ODL through an AND gate AD, and delayed by 15 
the off delay circuit ODL by a predetermined period of time. The flip-flop F-, is reset by this . 
signal from the off delay circuit ODL and the middle speed lifting signalMY is thereby 
interrupted. Accordingly, the lifting of the fork at a middle speed is stopped. The signal 
from the off delay circuit ODL is also applied to a flip-flop F 4 to set it so that the fork lift 

20 truck moves forwardly. Control of the distance of the forward running is made in a manner 20 
similar to the control described above with reference to Figure 9. More specifically, a pulse 
from a running distance detector 35 is counted by a counter CU,. The output of the counter 
CU , is converted into an analog value by a digital-to-analog converter DACj and thereafter 
is. compared with a set voltage FY from a distance setter FYS in a comparator C0 7 . When 

25 the fork lift truck has moved forwardly by a set distance, a flip-flop F 5 is set by the output of 25 
the ; comparator C0 7 to cause a low speed lowering signal LY to be applied to the actuator 
46. Thus, lifting of the fork at a low speed is effected. 

When the load is unloaded from the fork, the output of the fork load sensor 33 becomes 
zero, and this zero output. is delayed by a delay circuit DLA by a. predetermined period of 

30 time and thereafter is inverted by an inverter and applied to a flip-flop F 5 to reset it. This 30 
delay is provided for ensuring layer of the new load on "the top layer. Resetting of the 
flip-flop F 5 interrupts the low speed lowering signal LY. Simultaneously with resetting of 
the flip-flop F 5 , the flip-flop F 4 is reset so that the fork lift truck moves reversely. Control of 
the reverse movement is performed in a manner similar to. the above described control of 

35 the forward movement by a circuit including a counter CU 2 , an analog-to-digital converter 35 
DAC 2 , a comparator CO A and a distance setter RYS upon setting of a flip-flop F 7 . When 
the. fork lift truck has stopped the reverse movement, the output of the comparator C0 5 is 
applied to the actuator 46, due to the output of the comparator CO fl whereby the fork is 
lowered to the level 0 at a speed corresponding to the diference V p - V„. 

40 Laying of the load of the second layer is similarly effected by a sequence of operations 40 
including high speed lifting, middle speed lifting, forward movement, low speed lowerimi, 
reverse movement and lowering at a speed Corresponding to the difference V p - V n . The 
high speed lifting in this case is made only up to the level 1. In a case where the load is laid, 
down as the first (bottom) layer, the fork is lowered from the level 0 to the level of the lower 

45 limit voltage V L and, after reverse movement of the fork lift truck, the fork is lifted at a 45 
speed corresponding to the difference V p — V 0 . 

In the above described manner, the layer number (i.e. first, second^ etc.) for delivery or 
. storage of a load is detected on the basis of detection outputs of respective sensors and the 
. fork is lifted at a high speed or a middle speed to a level near the detected layer and then a 

50 final positioning of the fork is made at a low speed. By this arrangement, the cycle time of 50 
the work is greatly shortened without sacrificing accuracy of the loading and unloading 
.operations. ' 

Figures 13 to 15 show on example of control for detecting the pallet opening by the 
opening detection sensor 70 and stopping lifting and lowering of the fork at the fork 
55 insertion position. " . 55 

In Figure 13, the output of an oscillator circuit 80 is modulated by a modulation circuit 81 
and, in response to the output of this modulation circuit 81, a modulated light is projected 
from a light emitting element 70a provided in the front of the fork toward a load CA or a 
pallet PA. The reflected light is received by a light receiving element 70b The output of the 
60 element 70b is amplified by an amplifier 82 ancl rectified in its waveform by a filter 83 and 60 
thereafter is compared with a reference level V K in a comparison circuit 84. 
'As the fork 31b is lowered by supplying a fork lowering control signal DbN to the 
.actuator 46, the light is initially re'flectcd by the load CA. When the emitted light has fallen 
. below the upper plate portion of the pallet PA, the light is not reflected any longer so that 
65 the pallet opening detection output is produced by the comparison circuit 84. This pallet .65 
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a delay time pf T = P/2v , . 'p Ar < 

Where v ™^ 
Accordingly, when the fork 31b has "pJf b ™ J, ^-the fork insertion: position 
actuator 46 becomes OFF ; and the ft* J£J3*„ oscillation circuit SO is-ffiodulated by 

In the example shown in Figure 14, the outpiiT . di an emitting element 

a modulation circuit .81 and a plated I 1 PgS 7015 arid Supplied to-a 10 
70a: The reflected light is ^^fe.'gM . ; : 

.comparison circuit 84 through an arnpltfer 82a» ■> « { ™ surol^Stoftaif^B^"! 
example shown in Figure 13 As ; the : fork ^lB l« mie ^ Weleetrifcal sfgna 'by the 

31b : has reached the .gpjyg ^ffi^£&& , 
reflected light disappears thereby ' ^aujng l he |° m P a 3 uded . to cause flic Sample^hold 
detection, output. At. this time a jampie pulse ^ £ pr that instant.- When the bfted*prk 
circuit 86 to hold an output voltage. c J e \ n ^iW^ 2C 
31b has reached.the upper edge of *WJWL a Comparison circuiC84. A sample 
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above described control .°P e rf t J£i , ;" amn ,_ shown Figure 14. In this modified example. 

Figure 15 is a .modification of the Lf^tje *?wn «p ^ , fc and h ld 
a single sample and hold circuit 91 is usea ana. voltage v K b corresponding to the 

' a cirluit 90.|ut P utting a voUa d ^S^ f 0 ^^^ting K "ont ra ^sip a l;UON is 35 

Width of the -pallet ; °«|^£^^s he a bV ^ihg the pulse SP, sampling! 
o„„iieri to the actuator 46. the voltage Vkl ». ™. 1U > S> ^ Jsh. to the voltage V K 



35 width of the pallet opening i « .• bv jh h pu i se SP, sampling tnc lower - 
applied to the actuator 46, thf^fl^W^S added 16 the voltage V^-lf.the 
• eSge of. the pallet opening PAQ and a voW h ; K a ^ u ' ator 46 . the voltage V KB » hclfby 
fori Jov^rinftcpntrols^al DON. « ^ a n« opening PAG and the.voltage 
using the pulse SPvsampl.ng .the uppei «W c p rcuit S $iri Figure M-is substituted^ 40 

40 (^\f KB /2) is. added the voltage V fH- Tn e mean v^iu circuit , 89 is compared with the ~ 

an adder circuit .89- iiUhis « a *pk;^ t ^ a ^$ ["accordance with a result bf-companson 
voltage of the sensor 30.to operate^ opening PAG;-, • 

so that the- fork 31b is positioned .at _the cen =V°^.P to . th g- inven tion-coinfinses a 
As described in the f o«8°;i?% *e conj" 1 ^uhted on the fork for automatically 45 

45 light emitting element and alight ««* vwgefc Krmining' the ; fork insertion position.,: 
..detecting: the Pf'^^M S^ffJS^ mfde irrespective of .change >n the 
• Accordingly, position ng of f J?^^ .- f the 'load due to its weight. .-, - 
-height or shape of the load , or defprmaVOT oi tnc emittirlg clement and the 

She abovf qeseribedembodim^ n0 wever, may. be 50 

'Igure 16 shows an.example of : proven of ^^1^^^^ ■ 
. positions, i.e.: a storage station 1(U and 4 f W |M oscillator ,f05 generating 55 

■55 Sample, main leader cables 103 and ^ a s r ^ a e r f e Z nergi Ld by an oscillator generating 
■■ ^.rrpnt ofa freauency f,. Lane, leader, cables iuo arc B Wv«ianfe switching tircuitl()8. 



. current ofa frequency f. Switching qt the current of a frequency f, 

cable 1 1X1. which is energized by ?n osallatoi gene » which .i s ,energized by an 



• indicates* finishing end ?f r «??ch |ftne wherea M >"«^ { - star ,ing «nd -pf each tone 60 
-.60 • ^osqil.lator. 1 U. gen gating .c^rent ^ ^ oth ?y selecting either of the 

. : Left : right switches! 13 and -1 ie are inic.u .. ^ )eader 



si 13 and 1 1'4 are interlocked witrr f^" "V-v- ^bif-and trielone 

•«5?SKS^^ righ^side of the ; ma,n leader cables^ ^ 

65 , is - formed. 
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A storage-delivery switch 115 is provided for forming a guide way. for storage or delivery 
of the load. When the switch 115 is switched to the storage side as shown in the figure, a 
storage guide way to the storage station 101 is formed, whereas, when.* the. switch 115 is' : 
. switched to the delivery side; a delivery guide way to the delivery station . 102 is formed. 
5 The lane leader cables may be provided in such a manner that they repeatedly intersect at 5 
right'angtes with a central path. 120 as shown in Figure 17. and each of the lane leader cables 
is' energized- <by frequencies which differ from each other. In this case, an unmanned ! 
travelling vehicle 121 runs along the central path 120 and detects its present position and a . 
lane designated by the central control unit (not shown) by detecting the frequency of the " 

10 • lane leader cable intersecting the central path 120 and the number of intersections between 10 : 
the central. path 120 and the lane leader cables counted from . the starting point. Upon 
reaching the intersection with the designated lane, the frequency which the vehicle should 
follow is changed from the frequency f, to the frequency f 2 or f^ whereby the vehicle is " 
guided along the designated lane. If an error in counting of the intersections should occur, 

15 this state can be detected by loss in correspondence. with the. frequency so. that the position 15 
of the vehicle can be corrected or the vehicle ban be stopped for prevention of an erroneous 
operation of the vehicle. 

According to this example shown in Figure 17, the vehicle. can detect its present position 
and, accordingly, the central control unit can watch the position of the vehicle by receiving 

20 a signal emitted from the vehicle. This arrangement is convenient in a case where a plurality 20 
of vehicles are used for storing or delivering out the load since side-tracking, of the vehicles 
for " preventing collision can be made in accordance with instructions from the central 
control unit. 

A table K as" shown in Figure' 18 is usually used as the storage and delivery table 1 shown 

25 in Figure 1, the storage table 101 or the delivery tableT02 respectively shown in Figure 16. 25 
The* load- 'CA is put on the table K in a single layer. In this case also, unloading of the load 
from the table K and loading of the load on the table K are conducted in the same manner- 
as has previously been described. In this example, a sensor S is mounted on. the mast of fork 
. <: lift truck for detecting presence or absence of the load. The above .described sensors 26. and 

30 27 may, however, be used to perform- the function of the sensor S. In this example, if there 30 
is no load on the table K when the load is to be stored, this state is judged to be abnormal 
and the operation of the fork lift truck is stopped. Likewise, if there is a load on the table 
when another load is to be delivered out of storage, this state is judged to be abnormal and 
the operation of the fork lift truck is stopped. * . . 

35 In the above described embodiments,- description has been made about controls of the 35- 
conveying system in a work area between a gateway (a predetermined base position) and a 
storage place in a warehouse. The work area to which the present invention is. applicable is 
not limited to a warehouse but the invention is applicable to any kind of work area including 
e.g., a factory and a railway station. 

40 WHAT WE CLAIM IS: . 40 

1. An unmanned conveying control system comprising: 
leader cables provided in a work area; 

an unmanned travelling vehicle running along said leader cables for conveying a load, 
_ said vehicle being guided by a guide signal flowing through said leader cables; 
45 a memory for storing the number of loads in the work area; ... 45 

means for rewriting the contents of said memory in accordance with actions of said 
vehicle; ... 

leader cable selection means for selecting suitable ones from among said leader cables for 
forming a load conveying way between a predetermined base . position and a desired 
5U position in 'the work area; . 50 

a central control unit for controlling said leader cable selection means and givinti load 
conveying instructions to said vehicle in accordance with the. contents of said memory; and 
loading and unloading control means mounted on said vehicle for detecting the position 
of the load in front of said vehicle and performing a loading and unloading operation in 
55 accordance with the result of the detection. 55 

2. An unmanned conveying control system as defined in claim 1, wherein said loading 
and unloading control means comprise: 

first load presence sensors for detecting the distance between the vehicle and said load in 
front of the vehicle; 

60 second load presence sensors for detecting presence or absence of a load in front of said 60 
vehicle; 

a discriminating circuit for discriminating at which layer in a. stack the load is to be stored 
or delivered out in response to the output of said load presence, sensors; 

a fork load presence sensor for detecting whether the load is placed on a fork of said 
65 vehicle or not; 65 
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a vehicle stopping control circuit for stopping the vehicle at a predetermined position m 
front of the load, i.e., a loading and unloading position and at a position which is spaced . 
from said loading and unloading position by a predetermined distance in response to the 
output of said first load presence sensor; and . _ 

loading and unloading control means for sequentially controlling forward and reverse . S 
movements of the vehicle and lifting and lowering of the fork after the vehicle has stopped 
at the loading and unloading position in response to the outputs of said discriminating 
circuit and said fork load presence sensor. ^, .. , \i 

3. An unmanned conveying conrol system as defined in Claim 2 wherein said 
discriminating circuit comprises: , j ■ ' n * 

a circuit for producing a signal representing a fully loaded state if loads are stored in all of 
the layers when a new load is to be stored; ^ * t , ' L . 

a circuit for producing a signal representing an empty state if there is no load when the 
load is. to be delivered out; and , . , . A , • -'e 

. a circuit for producing a signal representing a layer in which a load is to be stored or trom 1 :> 
which a load is to be delivered out if the layers are neither fully loaded nor empty 

re ^ ec ^®!y nmanned conveying control system as defined in Clairn 2 or 3, wherein said 
vehicle stopping control circuit comprises: , ,: r •■' . "... ort 

a first comparison circuit for comparing the output of said first load presence sensor with 20 
a reference voltage and, when they coincide with each other, producing an output; 

a pulse generator for producing pulses in accordance with revolution of wheels of the 

^'counter for counting the pulses produced by the pulse generator in response to the 
output of said first comparison circuit; and - " 

at least one second comparison circuit for comparing the count of said counter with a 
preset value and, when they coincide with each other, producing a vehicle stop signal; 

a distance travelled by the vehicle after production of the output of said first comparison 
circuit being measured to stop the vehicle in accordance with a desired distance. 

5 An unmanned conveying control system as defined in Claim 2, 3 or 4, wherein said 3U 
loading and unloading control means comprises: means for lifting the fork at a constant 
speed up to a height corresponding to a height signal produced by said discriminating circuit 
at'the loading and unloading position; ; r . , rf ,- f 

means for moving the vehicle forwardly by a predetermined distance after said lifting of 
the fork and then- lifting or lowering the fork at a constant speed by a predetermined 

dl m a eans'for controlling a reverse movement of the vehicle after loading or unloading in 
response to the output of said fork load presence sensor: and ... . 

means for controlling lifting or lowering of the fork in response to the fork lifting or 

l0 6 Cni An Unmanned conveying control system as defined in Claim 2. 3 or 4. wherein said 
loading and unloading control means comprises: • 

means for presetting reference heights in the vicinity of heights corresponding to pallet 
heights of the respective layers of Toad: . ' 

means for operating a lift cylinder for lifting or lowering the fork at a high speed toward 4!> 
one of the reference heights in the vicinity of a desired layer of load: . 

a sensor provided at the foremost end portion of the fork for detecting the pallet heights; 

an means for operating the lift cylinder at a middle speed from the reference height toward 
the pallet heicht of the desired layer of load so as to bring the fork height to the pallet height 
of the desireTd layer of load upon detection of the pallet height. 
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7. An unmanned conveying control system constructed, arranged and adapted to 
operate substantially as heretofore described with reference to and as shown in the 
accompanying drawings. 

5 ARTHUR. R. DAVIES,. 

Chartered Patent Agents, 
27, Imperial Square, 
Cheltenham. 
- and - 

10 115, High Holbonu 10 

London, W.C.l. 
Agents for the Applicants. 



Primed for Her Majesty's Stationery Office, by* Croydon Printing Company Limited, Croydon, Surrey, 1980. 
Published by The Patent Office, 25 Southampton Buildings. London, WC2A 1 AY.from 
' which copies may be obtained. 



158238 4 _COM PLETE_S PECIFICATI QN_ 

14 SHEETS ^*' s drawing Is a reproduction of 
the Orlglnol on a reduced sco/e 

. Sheet 2 



FIG. 2 a 




,. % , 36o36 23 21e(21f) 
2ta(21b)'35 „. ./ % 
21c(21d) 



F/6. 2 b 

. 21c 21e 



33 



23 
A- 



21b 2W 21f 



1582384 COMPLETE SPECIFICATION 

lA cwcctc d r<twtn E '* 0 rcproduc(/on of 

IQ SHEETS ^ e o r igi na i on a reduced scale 

Sheet 3 



Fia 3 




1 582384 COMPLETE SPECIFICATION 

14 SHEETS drawing is a reproduction o 

the Original on a reduced scale 

Sheet 4 



FJG. 4 




1582384 COMPLETE SPECIFICATION 

w cupcT? This drawing is a reproduction of 
it snccio the Original on a. reduced scale 

Sheet 5 



27 
26 



FIG. 5a 




,30 



53 



K 32 33 m 35 



FIG 5 b 



S3 



i 



fig: 5c 



out 



\- L? 




1582384 COMP LETE ^PECIFLCATIONJ. 

14 SHEETS This drowln 8 '* a reproduction of 
the Original on a reduced scale 

Sheet 6 



FIG. 6 o 

27 -f 





5 32 33 35 



FIG. 6b 



Li 

h L 2 

L 3 



Si 



1582384 



COMPLETE SPECIFICATION 



14 SHEETS drawing Is a reproduction of 

. the Original on a reduced- scale 

Sheet 7 



FIG. 7 



(V H ) 



T 



3^.27 



>-26 



-30 




31b <VD 



32^70 (VL) 



It- 



PA 
PAG 



FIG 13 




1582384 COMPLETE SPECIFICATION 

14 SUICFTS ™** drawing ls~a~ rlproducUon~of 
"" w the Original on a reduced scale 

Sheet 8 



FIG. 8 



-33 



OX 



rTTTT 



IX 



Vp 



vc 



35 



Q 

von 



1582384 COMPLETE SPECIFICATION 
M cucctc rh,s drawi "i '* 0 reproduction of 
Sheet 9 




1582384 C OMPLETE specification 

14 SHEETS ™ s drovfl "g '* ° reproduction of 
the Original on a reduced scale 

Sheet 10 




('Oil 



1582384 COMPLETE SPECIFICATION 

lAcuccTC drawing is a reproduction of 

1* ^Hbtlb the o ri gi nQ i on 0 re d Uc e</ JCO / e 

Sheet 11 



LOWER 
LIMIT 



LEVEL 0 



FIG II 



LEVEL 1 



PALLET WIDTH 
_ . . UPPER 
LEVEL 2 \ LIMIT . 



THIRD 
LAYER 
DELIVERY 



SECOND 

LAYER 

DELIVERY 



PALLET 



HIGH SPEED LIFTING 



L2\L 



(Vp-Vo) 



LIFTING 



Imovi 



HIGH SPEED 
LIFTING 



wDT^ 



0 ! 



(Vp- Vo) 



LOW SPEED ■ 
LIFTING V7*"J 



,.~,JD 
rEMENT 



FORVARD 
MOVEMENT 

MP 



.LOW SPEED 
(LOWERING 
Vo) 



(Vp 
LEVEL 0 



FIRST LAYER 
[DELIVERY 

LEVEL 1 



Fl 

LEVEL 2 



LOW SPEED 
LOWERING 

REVERSE f i/,, > 
MnVFMFNJT { !(Vp-Vo) 



HIGH SPEED LIFTING 



6. 12 

UPPER 
LIMIT 



HIGH SPEED 
LIFTING 



(Vp-Vo) 



CfFTlNL 



> SECOND LAYER 
' UPPER LIMIT 



MOVEMENT 

REVi 

fMOV 



-.FIRST LAYER 
TUPPER LIMIT 
MIDDLE SPEED LIFTING 



<Vp-Vo) 



si 



LOW SPEED 
LOWERING 



.REVERSE 
MOVEMENT 



1582384 COMP LETE SPECIFI CATION 

14 SHEETS growing ,s °. reproduction of 

the Original on a reduced scale 

Sheet 12 



_UON, 



/46 



,71 



FIG. 14 



7 



HC_h— 




FIG. 15 



,UON 
(DON) 





1 — 1 




r 












A 


^-87 





Cf 1 




~30 



1582384 COMPLETE SPECIFICATION ___ ^ 

14 SHEETS ™' S drawing Is a reproduction of 
the Original on a reduced scale 

Sheet 14 



FIG. 17 



<S&--^ 



/ ^ ^L- 



f 1 



121 



,120 



JJ-J 



FIG. 18 



£3b 




*CA 
-FA 



~~7 



THIS* 



